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Objectives. We sought to determine whether more comprehen-
sive risk-adjustment models have a significant impact on hospital
risk-adjusted mortality rates after coronary artery bypass graft
surgery (CABG) in Ontario, Canada.
Background. The Working Group Panel on the Collaborative
CABG Database Project has categorized 44 clinical variables into
7 core, 13 level 1 and 24 level 2 variables, to reflect their relative
importance in determining short-term mortality after CABG.
Methods. Using clinical data for all 5,517 patients undergoing
isolated CABG in Ontario in 1993, we developed 12 increasingly
comprehensive risk-adjustment models using logistic regression
analysis of 6 of the Panel’s core variables and 6 of the Panel’s level
1 variables. We studied how the risk-adjusted mortality rates of
the nine cardiac surgery hospitals in Ontario changed as more
variables were included in these models.
Results. Incorporating six of the core variables in a risk-
adjustment model led to a model with an area under the receiver
operating characteristic (ROC) curve of 0.77. The ROC curve area
slightly improved to 0.79 with the inclusion of six additional level
1 variables (p 5 0.063). Hospital risk-adjusted mortality rates and
relative rankings stabilized after adjusting for six core variables.
Adding an additional six level 1 variables to a risk-adjustment
model had minimal impact on overall results.
Conclusions. A small number of core variables appear to be
sufficient for fairly comparing risk-adjusted mortality rates after
CABG across hospitals in Ontario. For efficient interprovider
comparisons, risk-adjustment models for CABG could be simpli-
fied so that only essential variables are included in these models.
(J Am Coll Cardiol 1997;30:1317–23)
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Assessing the quality of cardiac surgical care through interhos-
pital and intersurgeon comparisons of mortality rates after
coronary artery bypass graft surgery (CABG) is an increasingly
prevalent phenomenon in the United States as the managed
care revolution leads to increasing demands for information on
quality of care (1,2). For these comparisons to be undertaken
fairly, differences in patient case-mix between different provid-
ers must be taken into consideration in the relevant statistical
analyses. The publication of hospital- and surgeon-specific
CABG outcomes data in New York State and Pennsylvania has
led to many complaints on the part of the clinicians being
assessed that the risk-adjustment methods utilized do not
adequately adjust for differences in patient case-mix (3–5).
Many clinicians believe that it is not possible to compare
providers fairly until an exhaustive array of surgical risk factors
are accounted for in a statistical model. This belief has led to
the development of increasingly comprehensive cardiac sur-
gery risk models for assessing the results of CABG (6–9).
In contrast, a recent consensus report from the Working
Group Panel on the Collaborative CABG Database Project
(10), hereafter referred to as the Panel, suggests that a large
amount of the prognostic information in patients undergoing
CABG is contained in relatively few clinical variables. Mem-
bers of the Panel include representatives from several of the
largest multi-institutional cardiac surgery registries in the
United States. The Panel has identified and proposed uniform
definitions for a list of 7 core variables (i.e., age, gender, acuity
of operation, left ventricular function [LVF], previous opera-
tion, left main coronary artery disease and number of diseased
coronary arteries) that they consider must be present in any
database of patients undergoing CABG because they are
unequivocally related to operative mortality. The Panel has
also identified an additional 13 level 1 variables that they
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suggest should also be included in the database of every patient
undergoing CABG, given that these variables are most likely
related to short-term CABG mortality, and 24 optional level 2
variables that have not clearly been shown to predict short-
term CABG mortality but have potential research or adminis-
trative interest (10). Whether adjusting for level 1 variables
after adjusting for core variables has a significant impact on
risk-adjusted mortality rates after CABG has not been empir-
ically addressed.
In Ontario, Canada’s largest province, we have been using
data from the Cardiac Care Network (CCN) of Ontario
surgical registry to provide feedback to all hospitals providing
cardiac surgery on their risk-adjusted mortality rates since 1993
(11,12). Surgical “report cards” are released to each surgical
center in Ontario on an annual basis as part of a quality
improvement program. Case-mix adjustment has been per-
formed using two methods: 1) a simple six-variable cardiac
surgical risk index (11), and 2) slightly more comprehensive
logistic regression models (12). Clinicians in Ontario have
responded positively to our outcomes feedback program, al-
though concerns have occasionally been raised about whether
the current risk-adjustment methods fairly adjust for differ-
ences in patient case-mix because they do not include every
surgical risk factor shown to be important in other studies
(6–10). More complex risk-adjustment models may be prefer-
able to some clinicians, but they also require more extensive
and costly data collection efforts that may include some
unimportant variables (10). At least in theory, it may be better
to collect essential data assiduously rather than to overwhelm
data collectors with large numbers of variables and adversely
affect data quality. To compare the impact of more compre-
hensive models versus those limited to crucial risk factors, we
conducted a study evaluating the incremental impact of in-
creasingly more comprehensive risk-adjustment models on
hospital risk-adjusted mortality rates in Ontario, using the
Panel’s classification of surgical risk factors into core and level
1 variables.
Methods
Data sources. The data for this study were taken from the
CCN of Ontario surgical registry, a population-based clinical
registry containing prospectively collected data for all patients
undergoing cardiac surgery in the province since April 1, 1991.
The clinical information in the CCN database has been linked
to outcomes (e.g., in-hospital mortality status) and comorbidity
information in the Canadian Institute for Health Information
(CIHI) administrative database, as described elsewhere
(11,12). The combined CCN/CIHI database contains informa-
tion on 12 surgical risk factors, 6 of which would be considered
core variables and 6 of which would be considered level 1
variables by the Panel’s classification, as shown in Table 1.
Data on the number of diseased vessels (i.e., one-, two- or
three-vessel disease), the seventh core variable, were not
included in the study because they were not defined in the
same manner as that recommended by the Panel. For the
present study, we used data from this registry for all 5,517
patients undergoing isolated CABG (without concomitant
valve surgery) in Ontario in fiscal year 1993 (April 1, 1993 to
March 31, 1994). We chose to conduct our study using the 1993
data because the fiscal 1991 and 1992 data were used in the
development of our original risk index (11). The methods used
in the current study were also applied to the 1991 and 1992
data, but the results are not presented here because the
findings are similar to those obtained with the 1993 data.
Risk factor definitions. The definitions of the risk factors
in the current study are identical to those used by us in
previous studies (11,12). Emergency surgery is defined as oper-
ation required within 24 h; grade 3 and grade 4 LVF correspond
Abbreviations and Acronyms
CABG 5 coronary artery bypass graft surgery
CCN 5 Cardiac Care Network of Ontario
CCS 5 Canadian Cardiovascular Society
CIHI 5 Canadian Institute for Health Information
COPD 5 chronic obstructive pulmonary disease
CVD 5 cerebral vascular disease
LVF 5 left ventricular function
MI 5 myocardial infarction
PVD 5 peripheral vascular disease
ROC 5 receiver operating characteristic
Table 1. Surgical Risk Factors in Combined Cardiac Care Network
of Ontario/Canadian Institute for Health Information Database
Variable No.†/Risk Factor














Grade 3 (LVEF 20–35%) 3
Grade 4 (LVEF ,20%)
6/Left main disease ($50%
stenosis)
3
7/Recent MI (,1 wk) 3





*See reference 9. †Variable added to risk-adjustment models in this order.
CABG 5 coronary artery bypass graft surgery; CCS 5 Canadian Cardiovascular
Society; COPD 5 chronic obstructive pulmonary disease; CVD 5 cerebral
vascular disease; LVEF 5 left ventricular ejection fraction; LVF 5 left ventric-
ular function; MI 5 myocardial infarction; PVD 5 peripheral vascular disease.
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to a left ventricular ejection fraction of 20% to 34% and
,20%, respectively; and recent myocardial infarction (MI)
indicates an infarction within 1 week of operation. Left main
disease was defined as a $50% stenosis of the left main
coronary artery.
Comorbidities (e.g., diabetes, peripheral vascular disease
[PVD], cerebral vascular disease [CVD], chronic obstructive
pulmonary disease [COPD]) were determined using the Inter-
national Classification of Diseases, 9th Revision, Clinical Mod-
ification (ICM-9-CM) codes found in the Deyo adaptation of
the Charlson comorbidity index (13,14). The data in the CCN
registry are periodically audited, with the most recent audit
indicating a 97.5% agreement rate between the data in the
registry and that recorded in patient charts (12).
Risk-adjustment models. All statistical analyses were con-
ducted using the statistical program STATA 5.0 (15). Initially,
univariate analyses of the 12 surgical risk factors in the
CCN/CIHI database were conducted. The prevalence and
in-hospital mortality rates of each risk factor were determined.
Next, a series of 12 increasingly complex risk-adjustment
models for predicting in-hospital mortality after CABG were
constructed using logistic regression modeling. Variables were
added to these models in a forward stepwise manner on the
basis of a prespecified order, as shown in Table 1. This order
was chosen for several reasons: 1) Age and female gender were
included in the models because these variables represent the
minimal level of risk-adjustment that is possible using admin-
istrative data sources; 2) emergency surgery, previous CABG,
LVF and left main disease were added to the models because
they are the other core variables in the Panel’s classification; 3)
recent MI, Canadian Cardiovascular Society (CCS) class 4
angina (16), PVD, CVD, diabetes and COPD were added to
the models, in that order. These variables are designated as
level 1 variables in the Panel’s classification. In constructing
these models, patient age was modeled using two indicator
variables—age 65 to 74 years and age $75 years—and LVF
was modeled using two indicator variables—grade 3 and grade
4 LVF—although they are counted as one variable in this
report.
We evaluated these 12 increasingly complex risk-adjustment
models in several ways: 1) We determined the odds ratios and
p values associated with the regression coefficient of each
variable after each new variable was added to the model. The
odds ratios represent the odds of someone with a risk factor
dying relative to that of someone in the reference category. 2)
We calculated the area under the receiver operating charac-
teristic (ROC) curve of each increasingly complex model in the
1993 data set (17). The area under the ROC curve is a measure
of the discriminating ability of a model, with higher areas
indicating better predictive performance. An area of 1.00
indicates a model that predicts mortality perfectly, whereas an
area of 0.50 indicates a model that predicts no better than
chance alone. The area under the ROC curve of different
models was compared using the methods described by Hanley
and McNeil (18).
Risk-adjusted mortality rates. A total of nine hospitals
provided CABG in Ontario in 1993. We used each of the 12
increasingly comprehensive risk-adjustment models to calcu-
late each hospital’s risk-adjusted mortality rate for CABG in
the following manner: 1) The regression coefficients from each
risk-adjustment model were used to calculate an expected
mortality rate on the basis of the prevalence of patient
characteristics at that hospital. 2) The actual mortality rate for
that hospital was divided by the expected mortality rate, and
the result was multiplied by the overall mortality rate in the
province (3.14%) to determine the risk-adjusted mortality rate
based on that particular model. The risk-adjusted mortality rate
can be interpreted as the mortality rate a hospital would have
if the case-mix at that hospital was similar to the average
case-mix in the province. This process was repeated for each of
the 12 risk-adjustment models. 3) The change in the different
hospital risk-adjusted mortality rates and relative rankings was
determined after different levels of adjustment; unadjusted,
age and gender adjusted, core variables adjusted and com-
pletely adjusted (core and level 1 variables). Both the Pearson
correlation coefficient of risk-adjusted mortality rates and the
Spearman rank correlation coefficient of relative hospital
rankings were determined (19).
Results
Mortality rates. Table 2 shows the prevalence and in-
hospital mortality rates for 12 surgical risk factors used in the
present study compared with the average mortality rate
(3.14%) in the province. Emergency surgery, previous CABG,
grade 4 LVF and recent MI were associated with the highest
in-hospital mortality rates in this analysis.
Risk-adjustment models. The odds ratios and p values
associated with each variable’s regression coefficient in the 12
Table 2. Prevalence and In-Hospital Mortality Rates for Different
Surgical Risk Factors After Coronary Artery Bypass Graft Surgery







Age 65–74 yr 35.3 4.06
Age $75 yr 7.7 7.28
Female gender 20.8 4.53
Emergency operation 9.4 9.28
Previous CABG 7.7 10.66
Grade 3 LVF 18.6 5.26
Grade 4 LVF 4.4 9.80
Left main disease 15.9 4.57
Recent MI 2.2 12.61





*The average mortality rate for all patients was 3.14% in 1993. Abbreviations
as in Table 1.
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increasingly complex risk-adjustment models are shown in
Table 3. Table 3 shows how the odds ratios of individual
variables changed as the risk-adjustment models were made
increasingly complex. The results show that increasing the
complexity of the model did not have a major effect on the
magnitude of the odds ratio of most variables, with a few
exceptions. One of these was emergency surgery, which had an
odds ratio of 3.72 when only 3 variables were in the model but
an odds ratio of 2.17 after all 12 variables were entered into the
model. COPD, CVD and diabetes were not significant predic-
tors (p . 0.05) of mortality when the other factors were
adjusted for.
Area under the ROC curve. The area under the ROC curve
of each increasingly complex model is shown in Figure 1. After
adjusting for the six core variables, the area under the ROC
curve in the 1993 data set was 0.77. Adjusting for an additional
six level 1 variables only slightly improved the ROC curve area
of the model to 0.79 (p 5 0.063). Thus, the marginal gains with
level 1 variables beyond the core variables were relatively
minor in terms of the model’s discriminating ability.
Table 3. Odds Ratios and p Values of Variables in Increasingly Comprehensive Risk-Adjustment Models
Risk Factor
No. of Variables in Risk-Adjustment Model
1 2 3 4 5 6 7 8 9 10 11 12
Age (yr)
Age 65–74
OR 2.07 1.99 1.97 1.92 1.94 1.91 1.91 1.83 1.80 1.79 1.79 1.79
p value , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 0.001 0.001 0.001 0.001
Age $75
OR 3.84 3.65 3.36 3.54 3.41 3.28 3.26 2.99 2.92 2.90 2.92 2.92
p value , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001
Female gender
OR 1.47 1.43 1.60 1.70 1.73 1.72 1.64 1.69 1.68 1.66 1.66
p value 0.024 0.038 0.007 0.003 0.002 0.003 0.006 0.004 0.004 0.005 0.005
Emergency operation
OR 3.72 3.69 3.45 3.34 2.92 2.20 2.15 2.16 2.17 2.17
p value , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001
Previous CABG
OR 4.91 4.60 4.73 4.77 4.52 4.58 4.66 4.68 4.68
p value , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001
LVF
Grade 3
OR 2.26 2.28 2.20 2.16 2.14 2.15 2.15 2.15
p value , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001
Grade 4
OR 4.15 4.31 4.27 3.98 3.99 3.92 3.90 3.90
p value , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001 , 0.001
Left main disease
OR 1.59 1.61 1.54 1.53 1.51 1.51 1.51
p value 0.015 0.014 0.025 0.030 0.034 0.035 0.034
Recent MI
OR 2.17 1.94 2.04 2.05 2.04 2.04
p value 0.019 0.041 0.029 0.027 0.028 0.029
CCS class 4 angina
OR 1.96 1.98 1.97 1.96 1.97
p value , 0.001 , 0.001 , 0.001 , 0.001 , 0.001
PVD
OR 3.03 2.87 2.86 2.87
p value 0.001 0.001 0.001 0.001
CVD
OR 1.85 1.83 1.86
p value 0.086 0.091 0.090
Diabetes
OR 1.12 1.12




OR 5 odds ratio; other abbreviations as in Table 1.
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Risk-adjusted mortality rates. The effect of the increas-
ingly complex risk-adjustment models on hospital risk-adjusted
mortality rates is shown in Figure 2 for the nine cardiac surgery
hospitals in Ontario and demonstrates that adjusting for age
and female gender alone did not change the adjusted mortality
rates significantly from the unadjusted mortality rates. The
Pearson correlation coefficient between the unadjusted and the
age- and gender-adjusted mortality rates was extremely high
(r 5 0.997), probably because the distribution of these vari-
ables was similar at the different institutions (data not shown).
However, adjusting for the four other core variables (i.e.,
emergency surgery, previous CABG, LVF and left main dis-
ease) had a significant impact, with most hospital risk-adjusted
mortality rates and relative rankings changing. Once the six
core variables were adjusted for, adjusting for the six level 1
variables available in the database had a minimal impact on the
risk-adjusted mortality rates and their relative rankings. The
correlation between hospital risk-adjusted mortality rates after
adjustment for core variables and complete adjustment (core
and level 1 variables) was 0.99, whereas the correlation of their
relative rankings was 0.98. There was a lower correlation (r 5
0.80) between the unadjusted hospital rankings versus the
completely adjusted rankings, showing that risk-adjustment did
have an impact on overall hospital rankings, although the same
hospitals were in the highest and lowest groupings before and
after adjustment.
Discussion
In the present study, we evaluated the effect of increasingly
complex risk-adjustment models on hospital risk-adjusted mor-
tality rates after CABG in Ontario, Canada. Our study showed
that adjusting for several important clinical predictors of
mortality after CABG had a moderate impact on hospital
mortality rates and their relative rankings with each other.
Adjusting for the six core variables suggested by the Working
Group Panel on the Cooperative CABG Database Project
accounted for most of the interhospital variation in mortality
rates that was attributable to case-mix differences at the
different hospitals providing cardiac surgery in Ontario. Incor-
porating six additional level 1 variables into a model that
already had six core variables had minimal impact on the
discriminating ability of the model or hospital risk-adjusted
mortality rates or their relative ranking. The results of our
study suggest that simpler models may be just as effective as
more complex models for interprovider comparisons of the
short-term mortality risks of CABG. They also support the
recommendation that data collection efforts should be directed
toward accurately collecting a small number of the most
important prognostic variables in patients undergoing CABG
(10).
Related studies. To the best of our knowledge, a study
similar to the current study has not previously been conducted.
Hannan et al. (20) conducted a related study comparing the
hospital rankings achieved by risk-adjusting using clinical data
from New York State’s Cardiac Surgery Reporting System
(CSRS) and administrative data from New York State’s State-
wide Planning and Research Cooperative System (SPARCS).
They concluded that a risk model based on the clinical
database was a better predictor of mortality after CABG and
that there was only a moderately high correlation (r 5 0.75 to
0.80) between hospital rankings using adjustment from the
clinical and administrative databases. They attributed the
discrepancy to three factors unique to the clinical database: 1)
left ventricular ejection fraction, 2) reoperation, and 3) left
main disease. Our study also suggests that these three factors
Figure 1. Area under the ROC curve as more risk factors are included
in a risk-adjustment model.
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have an important impact on hospital risk-adjusted mortality
rates and that these factors should be part of any risk-
adjustment model for assessing the short-term results of
CABG.
Are more risk factors better? Despite our findings and the
conclusions of the Panel, the trend in the area of cardiac
surgery risk assessment appears to be toward increasingly more
complex models. For example, the Society of Thoracic Sur-
geons database (8), the largest surgical registry in the United
States, with .706 participating hospitals, uses a Bayesian
risk-adjustment model with 23 variables. A recent report from
Magovern et al. (9) from Allegheny General Hospital also
suggested using a risk model with 24 variables. Whether there
are any significant marginal predictive benefits with these more
complex models remains to be determined.
The risk-adjustment models presented in the current study
are similar to those previously published by us using data from
1991 and 1992 (11,12). Our previous work (11) showed that
mortality, intensive care unit stay and overall postoperative
length of stay after cardiac surgery can be predicted by using a
simple, additive six-variable risk index containing: 1) age, 2)
gender, 3) urgency of operation, 4) type of operation, 5) LVF,
and 6) reoperation. The results of the current study also
support the conclusion that most prognostic information in
patients undergoing cardiac surgery can be captured by a few
key variables.
Why do many clinicians believe that more complex models
must be better (yet the results of our current study suggest that
simple models may be just as effective)? Several explanations
of a statistical nature may be given. For any variable to have a
significant impact on a hospitals’ risk-adjusted mortality rate, it
must have at least three characteristics: 1) It must be a
statistically significant predictor of the outcome; 2) the distri-
bution of the variable must be significantly different among the
hospitals being compared; 3) it must be present in the database
in a relatively high frequency and not be highly correlated with
other factors in the database that are already included in a
risk-adjustment model. Our study demonstrates some of these
principles. For example, age and female gender were both
highly statistically significant predictors of in-hospital mortal-
ity, yet adjusting for these variables minimally changed hospital
risk-adjusted mortality rates because the distribution of these
variables is similar at the nine cardiac surgery hospitals in
Ontario. Another risk factor, recent MI was also highly signif-
icant, but its prevalence was only 2.2% in the database, and
thus, adjusting for this variable did not have a major impact.
Including too many variables in a model can lead to the
statistical phenomenon of “overfitting,” with a more complex
model paradoxically performing worse than a simpler model in
an independent test data set (21). The risks of “upcoding” of
risk factors (3) and the expense of data collection are also
directly proportional to the number of variables in a risk-
adjustment model.
Study limitations. Our study has certain limitations: 1) We
did not have data for all the level 1 variables listed in the report
by the Panel (e.g., creatinine levels, mitral regurgitation), and
it is possible that some of these other level 1 variables may have
had a greater impact on hospital risk-adjusted mortality rates
than those that were available for use in our study. 2) Although
involving complete data from nine centers, our study was
conducted in one jurisdiction only, and the results need to be
verified in other jurisdictions. The impact of risk-adjustment
may be less in a regionalized system such as Ontario, where all
centers have a high surgical volume (12) and serve a relatively
well defined catchment area. 3) We did not address the issue of
the effect of increasingly complex models on risk assessment at
the individual patient level. More complex models could
Figure 2. Effect of adding more variables to risk-adjustment models on
risk-adjusted mortality rates after CABG for the nine hospitals perform-
ing CABG in Ontario. Each line represents one hospital, whereas each
data point represents that hospital’s risk-adjusted mortality rate after a
certain number of variables have been put into the model.
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potentially provide a more accurate assessment of mortality
risk in high risk patients, even if they do not affect overall
results at the hospital level. 4) We analyzed only the outcome
of in-hospital mortality in this study, and the ability of more
comprehensive models to predict other outcomes (e.g., stroke,
post-CABG MI) was not assessed.
Conclusions. Our study suggests that a small number of
core variables (i.e., age, gender, emergency operation, previous
CABG, LVF and left main disease) appear to be sufficient for
fairly comparing hospital risk-adjusted mortality rates after
CABG in Ontario. Including additional variables beyond a
core set of variables in a risk-adjustment model did not have a
substantial impact on the overall results. Residual differences
in hospital mortality rates may be a function of random
variation, unmeasured case-mix differences or differences in
quality of care. Our findings should be of value to clinicians
interested in using simple models for monitoring and improv-
ing the results of CABG. Further studies will be required to
assess the generalizability of our findings and to determine an
optimal set of risk factors for accurately assessing the short-
term mortality risks of CABG.
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